The hydro-distilled essential oil of Citrus reticulata Blanco var. kinnow was analyzed by Gas chromatography-mass spectrometry (GC-MS). Five constituents out of fifteen constituents were identified from seeded C. reticulata oil representing 74.66% of the oil. The major constituent of the oil was β-phellandrene (62.00%). β-pinene(6.53%), β-myrcene(2.81%), limonene(2.81%) and caryophyllene(0.51%) were present in considerable amount. From the low seeded C. reticulata oil, six components out of seventeen compounds were identified constituting 54.74% of the oil and the main component was β-phellandrene (37.35%). α-pinene(2.79%), β-pinene(3.26%), β-myrcene(4.16%), limonene(5.77%), caryophyllene(1.41%) were present in considerable amount.
Introduction
C. reticulata Blanco var. kinnow belongs to genus Citrus of the Rutaceae or Rue family, which comprises of about 140 genera and 1,300 species (Singh et. al., 1983; Anwar et. al., 2008) . Citrus are well known as one of the world's major fruit crops that are produced in many countries with tropical or subtropical climate. Brazil, USA, Japan, China, Mexico, Pakistan, and countries of the Mediterranean region, are the major Citrus producers. With the development of the processing industry and the demand for higher quality fruit, the production of fruits with few or no seeds has steadily increased (Ye et.al., 2009) . Seedlessness is an important economic trait relating to fruit quality. There are many desirable characteristics of seedless fruit, which include high quality and taste, which are greatly valued by both consumers and the processing industry. The presence of a large number of seeds in citrus fruits greatly hinders consumer acceptability, even if it has good organoleptic properties. Therefore, the development of seedless fruit cultivars has become a major goal for fruit breeders around the world and different approaches have been adopted by numerous researchers (Raza et. al., 2003, and Yamamoto et. al., 1995) Citrus fruits are used for dessert, juice and jam production as well as they have important economic value for their essential oils (Fisher and Phillips, 2008; Anwar, 2008) . The essential oils are composed of many compounds including: terpenes, sesquiterpenes, aldehydes, alcohols, esters and sterols. They may also be described as mixtures of hydrocarbons, oxygenated compounds and nonvolatile residues. Primarily, they are used as aroma flavour in many food products, including alcoholic and nonalcoholic beverages, marmalades, gelatins, sweets, soft drinks, ice creams, dairy products, candies, and cakes (Steuer et. al., 2001; Campi et. al.,2009) . They can also serve as an excellent starting material in the synthesis of fine chemicals and of new fragrances for the cosmetic industry (Lis-Balchin, 1999). Moreover, citrus essential oils have been recognized as safe due to their wide spectrum of biological activities such as antimicrobial, anti-inflammatory and antioxidant, (Fisher and Phillips, 2008) . (Chutia et. al., 2009) (Rehman, 2006) . Due to their great nutraceutical and economic importance, numerous investigations have been performed aiming at identifying the chemical composition, antimicrobial activities of the essential oils from peel of different citrus species. But there is no much data on the essential oil of C. reticulata (seeded and seedless) leaves.
The aim of this study is to determine the chemical composition of essential oil of seeded and seed less kinnow leaves.
Materials and methods

Extraction of essential oil
The fresh leaves of seeded and seedless C. reticulata were collected from NIAB, Faisalabad and subjected to hydro-distillation by using Dean-Stark assembly (Sattar, 1989) . The distillate were removed and separated from water by using a separating funnel. Oils were dried over anhydrous sodium sulphate and stored in a refrigerator until further analysis.
GC-MS analysis
The analysis of the essential oil was carried out on gas chromatography/mass spectrometry (GC-MS) of Agilent Technologies Inc., USA, Model 6890N, operating in electron ionization mode at 70 eV equipped with a split-less injector. Helium was used as a carrier gas at the flow rate of 1 ml/min, while DB-5 (30 m×0.25 mm id, 0.25 µfilm thickness) capillary column was used. The initial temperature was programmed at 50-140°C at the rate of 5°C/min and then 100-250°C at the rate of 3°C/min followed by a constant temperature at 260° C for a period of 20 min. Sample (2 µl) was injected to column programmed at 200°C and resolutions of components were attained. The mass spectrometer is capable of scanning from 35 to 500 AMU every second or less. The data acquisition system continuously acquires and stores all data analyses. The components were identified by their retention time and peak enhancement with standard samples in GC mode and NIST library search from the derived fragmentation pattern of the various components of the oil.
Results and Discussion
The essential oil was extracted by hydro-distillation from the leaves of seeded and seedless C. reticulata; the yield was 0.11% and 0.03 %( v/w) respectively. The gas chromatography coupled with mass spectrometry revealed the presence of 15 components in seeded C. reticulata and 17
Chemical composition of essential oil from leaves of seeded and seedless 49 (3) compounds in seedless C. reticulata, out of which five and six components were identified from seeded and seedless C. reticulata respectively (Table I) and (Figs. 1 & 2) .
Only monoterpene hydrocarbons are present in leaves oil of C. reticulata and among the monoterpene hydrocarbons, β-phellandrene is predominant in both cultivars (62% and 37%). This result is contrary to previous results in which sabinene, linalool, γ-terpinene and methyl N-methylanthranilate were observed as major constituents in C. reticulata leaf oils (Olusegun, 1990 , Marie-Laure et.al., 2000 Darjazi, 2012) . To our knowledge, this is the first time reporting of βphellandrene as major constituent of C. reticulate leaf oil. β-phellandrene is widely used in perfumes and artificial essential oils because of its peppery, minty, refreshing, and slightly citrusy odor. Also, β-phellandrene finds importance as an intermediate in various synthesis schemes, such as in the preparation of 1-menthol.
α-pinene is absent in seeded C. reticulata while in seedless cultivar it is present in appreciable concentrations (2.79%). Limonene which is the chief constituent (75-95%) in about all the peels and leaves essential oil of local varieties of citrus species of Pakistan (Saima et. al., 2012; Ghulam et. al., 2013; Shabnam et. al., 2014 ) was present in very low concentration, 2.81% and 5.775% in seeded and seedless C. reticulata oil respectively. β-pinene, β-myrcene, caryophyllene were present in considerable amount in both cultivars. These results are in good agreements with previous studies in which, β -pinene, and α-pinene were present in appreciable concentrations in C. reticulata cultivar leaf oil (Adeleke et. al., 2010; Darjazi, 2011; Darjazi, 2012) .
Conclusion
The results of our present study showed the essential oil from leaves of of C. reticulata var. kinnow rich in monoterpene hydrocarbons and can be utilized in food, beverages and perfumery.
